This paper presents the novel implications of introducing price rigidities into a model of good-specific habit formation, for the response of private consumption following a positive government spending shock. With 'deep' habits in demand, the price elasticity of demand rises after the fiscal expansion and it is optimal for the firm to lower the mark-up while increasing production. This in turn raises the demand for labour and the real wage rises. Consequently, agents raise consumption at the expense of leisure and overcome the negative wealth effect of the fiscal shock. We show that increasing price stickiness in a model with deep habits hinders the crowding-in of consumption. If the degree of price stickiness is high enough, consumption is crowded out by government spending. These dynamics are in stark contrast to those in traditional models where price rigidities are known to weaken the crowding-out of consumption.
Introduction
The impact of cyclical ‡uctuations in government purchases on private consumption has received considerable attention in the structural vector autoregression (SVAR) literature.
A large number of SVAR studies report a rise in private consumption following a positive government spending shock. 1 The neoclassical model of macroeconomic ‡uctuations that is based on inter-temporally optimizing agents and unproductive government spending struggles to generate the positive response. A rise in government spending generates, ceteris paribus, a concurrent increase in the present value of lumpsum taxes. This negative wealth e¤ect induced by the …scal expansion results in the lowering of private consumption, a phenomenon known in the literature as 'crowding-out'. The New Keynesian (NK) model that incorporates nominal rigidities into the neoclassical framework exhibits the same wealth e¤ect that crowds out consumption after an expansionary …scal shock. However, replicating the empirically relevant 'crowding-in'comovement within the traditional paradigm has become less challenging in recent theoretical models.
A government spending shock …nanced by lumpsum taxes raises the agent's incentive to work and save more. The surge in the supply of labor causes the real wage to fall. If one can induce the real wage to rise or at least not fall strongly, the intra-temporal substitution of consumption for leisure may be strong enough to compensate for the unfavorable wealth e¤ect. Not surprisingly, real wage dynamics and the ensuing substitution of consumption for leisure play pivotal roles in theoretical environments formulated to generate the rise in consumption following the …scal expansion. Galí et al. (2007) and Furlanetto (2011) use credit-constrained consumers who do not smooth consumption and simply consume their after-tax wage income. A rise in the real wage raises the consumption of the credit-constrained agent and if the share of these agents is high enough and the ex ante real interest rate does not rise strongly, the positive response of aggregate consumption can be replicated. In Monacelli and Perotti (2008) and Bilbiie (2011) , consumption is positively stimulated due to the interaction between real wage dynamics and a utility function which is non-separable in consumption and leisure.
Lopez-Salido and Rabanal (2006) generate the crowding-in of consumption in estimated models with credit-constrained consumers as well as non-separable preferences. On the other hand, Davig and Leeper (2011) demonstrate how the stance of monetary and …scal policy alter the dynamics of the real interest rate and the real wage and generate the positive comovement. A vital element that contributes to the rise in the real wage in all these environments is price rigidity in the goods market. When there are barriers to raising the price, the pro…t-maximizing …rm responds to the demand shock by hiring more labor to expand production. This in turn raises the real marginal cost or equivalently lowers the mark-up of the price over the nominal marginal cost. If the expansion in labor demand exceeds the increase in labor supply which accompanies the …scal shock, hours worked will rise in equilibrium, raising the real wage.
In contrast, Ravn et al. (2012 Ravn et al. ( , 2006 propose an alternative mechanism to generate the positive response of private consumption, even while adhering to an environment with ‡exible prices. 2 They construct an economy where the government and private agents form habits over individual goods that are produced by monopolistically competitive …rms. The presence of 'deep' habits -as opposed to the conventional 'super…cial' habit formation at the level of the …nal good -implies that the demand function facing the …rm has a component that depends on lagged demand. This novel component gives rise to a timevarying price elasticity of demand. The government spending shock triggers a strong procyclical movement in the price elasticity and hence a countercyclical movement in the mark-up. Since the mark-up and the demand for labor are negative correlated, the latter increases positively stimulating the real wage. Finally, the lower demand for leisure that follows the rise in the real wage generates a rise in consumption. This paper shows that price stickiness hinders the rise in consumption after the government spending shock in an economy with deep habits. Starting from a deep habits model with ‡exible prices, we sequentially add higher degrees of price rigidity. Impulse response analysis of the sticky price deep habits model suggests that as prices become less ‡exible, the mark-up and the real wage cease to move substantially in response to the …s-cal shock and the crowding-in of consumption is weakened. When the degree of stickiness is high enough, consumption is crowded out as in traditional forward-looking models. It is intriguing that the mark-up becomes less countercyclical with increasing price stickiness and worsens the crowding-in of consumption by government spending in the deep habits model. Other theoretical mechanisms brie ‡y reviewed earlier, have relied on price rigidities as the source of mark-up countercyclicality to augment the positive response of consumption. Why do two frictions -sticky prices and deep habits -that support the crowding-in of consumption by government spending when used independently in general equilibrium models, weaken the …scal stimulus when used in conjunction?
We illustrate that the composition of the Phillips curve lies at the heart of the counterintuitive consumption dynamics observed in deep habits economies as prices get more sticky. Just as in the ‡exible price scenarios examined by Ravn et al. (2012 Ravn et al. ( , 2006 , a positive stimulus to government spending increases the price elasticity and gives the monopolist an incentive to lower the price and hence the mark-up to maximize pro…ts when she raises production. The mark-up continues to be negatively correlated to the timevarying price elasticity even in the environment considered here. However, since prices are sticky, the expected path of infation exerts a positive in ‡uence on the mark-up. These two opposing e¤ects are encapsulated in the deep habits Phillips curve.
Since the price level falls after the …scal shock, in ‡ation is expected to rise to restore the long-run equilibrium. Increasing price stickiness in the deep habits model, makes it more di¢ cult to lower the price and the mark-up to react to the rise in price elasticity and consequently, the positive e¤ect of expected in ‡ation becomes more dominant. For this reason, the price and mark-up react less countercyclically to government spending under increasing price stickiness. Consequently, the real wage is less procyclical and fails to deliver a substitution e¤ect on consumption that is strong enough to overcome the negative wealth e¤ect of the …scal expansion.
In contrast, in a model with no deep habit or only super…cial habits, the price elasticity of demand is constant. In this case, the government spending shock acts more as a conventional demand shock by raising prices. As mentioned earlier, the fall in the markup is a consequence of price stickiness in this setting. As we increase price stickiness in the environment without deep habits, the stronger countercylicality of the mark-up -and the enhanced procyclicality of the real wage -weakens the crowding out of consumption by the …scal shock. This paper is not the …rst to introduce price stickiness in deep habits models and is related to an expanding literature that employs deep habits in the context of the trans- modelling strategies and varied objectives, the aforementioned papers do not document the decrease in mark-up countercyclicality in deep habits models when price rigidities are incorporated and its role in determining the consumption response. 3 Our simpli…ed analytical framework brings forth the mechanism behind this counterintuitive interaction which remains latent in their model environments.
The plan of the paper is as follows. In Section 2, we introduce sticky prices into a stylized baseline economy with deep habits and also discuss the restrictions that reduce the deep habits model to a simple sticky price model with no habit persistence. Section 3 examines the dynamics of the deep habits economy and shows how increasing price stickiness worsens the crowding-in of consumption by government spending. As a familiar benchmark, we will contrast the dynamics with those in the traditional sticky price model without deep habits in which price rigidities alleviate the crowding-out of consumption.
We establish that the di¤erent dynamics of consumption can be traced to the composition of the Phillips curves in the two environments. In Section 4, we compare consumption responses under super…cial and deep habits. We will also highlight the crucial role of habits in the public sector in generating crowding-in as well as the secondary role that private consumption habits play in the dynamics. We subsequently present the impact consumption responses when key parameters are allowed to vary along with price stickiness. Finally we verify that our baseline results are preserved in the more complex environment of Ravn et al. (2006) . Section 5 draws the main conclusion. A technical appendix documents the derivation of the key equations. 3 Subsequent to the …ndings of the working paper version of this paper, Cantore et al. (2013) also report the crowding-out of consumption in the deep habits model when prices get stickier. They relate the crowding-out of consumption, in part to a strong response of monetary policy to output. Here we …nd that consumption can be crowded out even when monetary policy avoids output stabilization. As in Cantore et al. (2013) , a more aggressive monetary policy worsens crowding-out. 5 
The Baseline Model of Deep Habits and Sticky Prices
Our objective is to demonstrate how the presence of price stickiness has di¤erent, and somewhat counterintuitive implications for the comovement of public and private consumption in economies with and without deep habits. To this end, we formulate a stylized deep habits model as the baseline case, which we subsequently reduce to a simple NK model with no habit formation. Later, we will conduct numerical experiments in both environments to examine the sequence of events that bridges a rise in government spending to an expansion or contraction of private consumption. The simplicity of the set-up considered helps us to distill the intuition behind the mechanisms that generate the dynamics observed here. In Section 4, we will demonstrate that our results are relevant in more complex settings.
We consider a closed-economy model with good-speci…c habit formation in consump- Good-speci…c Habit Formation The characteristic that sharply distinguishes this economy from the traditional framework is that the public and private sectors form habits over the consumption of individual goods. Traditionally (see for e.g. Smets and Wouters 2007), habit persistence is modelled in the private sector which forms habits over the …nal consumption good. In addition, government spending does not exhibit habit formation.
We will henceforth indicate the demands from the private sector and the government by to have access to the same services. Alternatively, they also suggest that procurement relationships create a tendency for the government to favour transactions with sellers that supplied public goods in the past. Habit formation in government spending is equivalent to a set-up where private agents value government spending in a way that is separable from private consumption and leisure and form good-by-good habits over public goods provided by the government (see also Zubairy 2013 ). As we shall later see in Section 4, as far as the rise of consumption after the …scal expansion is concerned, habit persistence in the public sector -and not private consumption habit -is the crucial ingredient.
The optimal demands from private consumption (aggregated across agents) and government spending for good are given as
is the aggregate nominal price index for habit-adjusted demand. The presence of deep habits splits demand for the good into two components. The …rst component covaries negatively with the relative price p P and positively with aggregate habit-adjusted demand x z . However, the second component h z z t 1 is purely predetermined by habit formation and is invariant to changes in the relative price: The presence of this price-inelastic habit component causes the price elasticity of demand " z t = @z t @p t p t z t to be time-dependent: In particular, in a symmetric equilibrium,
This is in contrast to models where the demand function has no habit component, i.e.
h z = 0; so that the price elasticity is constant at p : We now express the price elasticity in log-linearized terms."
As we shall see later in this section, the time-varying nature of the price elasticity has important implications for pricing behavior. Note also that the price elasticities for sales to the private and public sectors can di¤er from each other due to varying degrees of habit persistence as well as relative inter-temporal changes in demand. By log-linearizing the dynamic demand functions, we can link habit-adjusted aggregate demand to the price elasticity as follows.
Utility Maximization Consumers derive utility from habit-adjusted consumption x c j and disutility from supplying labor n j . They provide labor services in a perfectly competitive labor market at a real wage w. Agents have access to a portfolio of statecontingent nominal assets d j to smooth consumption over time: The consumer is entitled to dividends d v j from the …rm and also pays lumpsum taxes j to …nance public expenditure.
The optimization program that faces the generic consumer is given as
subject to the consumption aggregation constraint and the budget constraint which is given by
where E 0 indicates the expectational operator conditional on the information set available when the decision is made and t;t+1 is the nominal stochastic discount factor.
We focus on …rst order conditions describing aggregate behavior in a symmetric equilibrium. The inter-temporal ‡ow of aggregate habit-adjusted consumption is decided by 8 the Euler equation.
is the in ‡ation rate in the aggregate price level and r is the gross nominal interest rate: 5 The labor supply schedule is determined by the equality between the marginal rate of substitution between leisure and consumption and the real wage.
Production and Price-Setting The monopolistic …rm uses labor n in a linear production function to produce quantity y of its di¤erentiated good. A …xed cost f c > 0 is used in the technology in order to assure that pro…ts are zero in steady-state. In loglinearized terms,ŷ t = 1 + f c y n t .
The crux of the deep habits mechanism lies in the price-setting behavior of the monopolist. We depart from Ravn et al. (2012 Ravn et al. ( , 2006 by introducing pricing frictions and embed adjustment costs à la Rotemberg (1982) in the …rm's dynamic optimization problem.
The …rm maximizes the expected value of pro…ts by choosing the labor input, price and quantities given the price adjustment cost as well as demand and resource constraints. 6 max n t; p t; g t; c t
The degree of price stickiness is increasing in p > 0 and aggregate output y: u c is the marginal utility of consumption and ( ) are the Lagrange multipliers on the demand functions. The real marginal cost serves as the Lagrange multiplier on the resource constraint.
Much of the discussion that follows centres on the reciprocal of the real marginal cost,
i.e. the gross mark-up of the price over the nominal marginal cost represented by : It is hence convenient to express the real marginal cost in terms of the mark-up at the outset.
where dh is the steady-state mark-up under deep habits. Equation 6 determines the inter-temporal e¤ect of deep habits on the mark-up. If the present discounted value of future marginal pro…ts is high due to a rise in demand, the …rm has an incentive to lower the mark-up. Equivalently, lowering the mark-up in the present period ensures additional pro…ts in the next period.
The optimal price-setting plan is given by
The crucial distinction from the conventional price-setting equation lies in the presence of the marginal pro…ts () and habit-adjusted demands x () . As noted earlier, the marginal pro…ts covary positively with the mark-up and future pro…ts while habit-adjusted demand exerts a positive in ‡uence on the price elasticity of demand. Log-linearizing Equation 7 , we arrive at the Phillips curve which links price in ‡ation to the mark-up (via Equation 6) and the price elasticities (via Equation 2). For the analysis of the dynamics that follows in Section 3, it is convenient to rearrange terms to express the Phillips curve in terms of the mark-up instead of in ‡ation as in the standard case.
where m 0 , m 1 ; m g and m c are positive constants that are functions of the deep habit parameters. 8 A positive stimulus to aggregate demand, such as an increase in government spending, raises the price elasticity and also generates additional pro…ts in the future.
Both factors contribute in lowering the current mark-up. However, in contrast to the ‡exible price environments considered by Ravn et al. (2012 Ravn et al. ( , 2006 since prices are sticky, expected changes in in ‡ation play a role in guiding the mark-up. In particular, when there is a rise in aggregate demand, the positive in ‡uence of expected in ‡ation on the mark-up opposes the negative impact of the price elasticity and future pro…ts. This additional e¤ect will later prove crucial to understanding the e¤ects of price stickiness on the crowding-in of consumption. By setting p = 0, we obtain the ‡exible price scenario.
Monetary Policy The presence of price rigidities paves the way for monetary policy to stimulate real economic activity. The ex ante real interest rate a¤ects inter-temporal substitution in two distinct ways in the deep habits environment. The …rst is the conventional channel via the consumption Euler (Equation 3) so that a rise in the real interest rate dampens demand. The second impetus is channelled through the present value of expected future marginal pro…ts to the current mark-up. In particular, when we substitute the real interest rate for the growth in marginal utility in Equation 6 , we get
A rise in the interest rate decreases the present value of expected pro…ts so the …rms increase current mark-ups, lowering wages and hence weakening consumption demand.
This additional e¤ect is absent in an economy with only super…cial habit or no habit formation at all. We draw the monetary policy rule from the estimated deep habits model of Ravn et al. (2010) allowing the monetary authority to set the policy rate in response to in ‡ation and output. r r 2 [0; 1) governs the degree of inertia in the monetary policy 8 See appendix for de…nitions of these constants.
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response.r t = r rrt 1 + (1 r r ) (r ^ t + r yŷt ) ; r > 1; r y 0 (10)
Market Clearing and Fiscal Policy The market for labor clears when the demand for labor equals the supply of labor from the household. Since all agents are identical and …nancial markets are complete, the state-contingent assets are in zero net-supply. The goods market clears when output produced by the …rms is absorbed by the private and public sectors:ŷ t = (1 g y )ĉ t + g yĝt where g y is the steady-state ratio of government spending in output. The government operates under a simple …scal rule with its expenditure fully …nanced by lumpsum taxes:ĝ t =^ t . Government spending is the only source of uncertainty in the economy and follows an AR(1) process given byĝ t = gĝt 1 + t such that t N (0; g ) and g 2 [0; 1):
The Nested New Keynesian Model
The sticky price deep habits model can be reduced to a simple NK model with no habit formation by setting h c = h g = 0. Unlike in the deep habits model, the demand function facing the monopolist is now static and the price elasticity of demand is constant at p :
Thus time-varying price elasticities play no role in determining the mark-up. Also, the monopolist has no incentive to lower the price and the mark-up to generate additional future pro…ts after a …scal expansion. Movements in the mark-up are now strictly tied down to expected changes in in ‡ation in the New Keynesian Phillips curve (NKPC).
This simple model along with an monetary policy authority which reacts only to in ‡ation (r y = 0) ; will serve as a familiar benchmark in the dynamics that will be presented in We will refer to this set-up as the nested NK model.
The Mark-Up and Intra-temporal Substitution
The labor demand condition imposes an inverse one-to-one relationship between the markup and the real wage in our environment. Remember also that the real wage stimulates consumption via the substitution between consumption and leisure in the labor supply condition given in Equation 4 . Combining these insights, we establish a direct link between the dynamics of the mark-up and consumption.
To understand the e¤ect of the …scal shock on consumption, what is important is the response of the mark-up. As can be observed in Equation 12 , a downward movement in the mark-up may positively stimulate consumption. If this stimulus dominates the downward pressure on consumption exerted by the wealth e¤ect of the …scal shock, consumption will rise in equilibrium. The two set-ups described above employ di¤erent means to achieve this common end: while the deep habits model relies on the rise in the price elasticity and expected future pro…ts, the nested NK case instead depends on price stickiness to deliver the fall in the mark-up. However, little is known about the e¤ects of price stickiness on the behavior of the mark-up when habit formation is good-speci…c. In the following section, we will perform numerical experiments to understand the e¤ects of price stickiness on the link between government spending, the mark-up and consumption in the deep habits economy. As a benchmark, we begin by analyzing the analogous dynamics observed in the nested NK model with no habits. Keeping all other parameters constant, we now increase the degree of price stickiness ( p ) in both environments.
Mark-Up and Consumption Dynamics
We examine the dynamics induced by a temporary and unanticipated increase in government purchases in the two economies, focussing mainly on the responses by the mark-up and consumption. The spending stimulus is generated by an exogenous innovation of one percent to the shock process. The dynamic responses in the nested NK model are presented in Figure 1 and those for the deep habits model are exhibited in Figure 2 .
The Nested NK Model We begin with analyzing the dynamics in a real business cycle model with monopolistic competition (depicted in Figure 1 using thick black lines) which is simply the ‡exible price version of the nested NK model. The mark-up (and the real wage) is now constant and its log-linearized version that is depicted here is static at zero. The intra-temporal substitution e¤ect does not overcome the negative wealth e¤ect of the …scal shock and consumption is crowded out. We now return to the nested NK model, reintroducing sticky prices and monetary policy into the RBC model and switching o¤ the monetary policy response to output (r y = 0). As a …rst step, we keep the adjustment cost 9 Once we set a high value for government spending habit as hg = 0:86, we do not …nd a determinate solution path for hc > 0:58 in both ‡exible and sticky price versions of the baseline model. In the presence of deep habits, an expected rise in demand will lower mark-ups, increase wages and hence raise current demand which will again raise expectations of future demand. When overall habit formation in aggregate demand is very high, these mutually reinforcing elements lead to self-ful…lling equilibria. parameter p low at about 8.5 that corresponds to a price duration of about two quarters.
The in ‡exibility in price adjustment induces a downward movement in the mark-up and strengthens the substitution of consumption for leisure. Consequently, consumption is less crowded out by the government spending shock than in the ‡exible case. As we slowly increase the price adjustment cost, the crowding-out of consumption is weakened. 10 Note that the mark-up and consumption movements that price stickiness induces are extremely small in quantitative terms. In the absence of other features such as credit-constrained agents or non-separable utility previously used in the literature, price stickiness by itself is unable to generate the crowding-in of consumption.
The Deep Habits Model Consider …rst the dynamics under ‡exible prices (depicted in Figure 2 using thick black lines). Unlike the previous case, the mark-up falls sharply even in the absence of sticky prices, allowing the positive intra-temporal substitution e¤ect to overcome the negative wealth e¤ect, stimulating consumption. However, when we introduce price stickiness, the response of the mark-up is dampened and for a price duration of roughly two quarters (depicted by a dashed red line), the downward movement in the mark-up -or equivalently the rise in the real wage -is already too mild to prevent consumption from being crowded out.
Why does higher price stickiness induce stronger movements in the mark-up in the nested NK model while it appears to dampen its cyclicality in the deep habits economy?
Understanding these interactions is critical to contrast the consumption responses to the government spending shock in the two environments. In the following subsection, we delve deeper into this issue.
Crowding-In and the Composition of the Phillips Curve
Here we demonstrate that at the heart of the distinct consumption dynamics delivered by the two models in the face of price rigidities, lies the constitution of the Phillips curves. Intimately related to the nature of the Phillips curves, is the fact that a rise in government spending generates opposite responses from the price level in the two set-ups.
To di¤erentiate the common variables in the two Phillips curves, we will now superscript the variables in the deep habits model by 'dh'. In Figure 3 , we present impulse response functions of the constituents of the Phillips curves in the deep habits and the nested NK economies. In our discussion, we will also refer to the price, in ‡ation and ex ante real interest rate dynamics exhibited in Figures 1 and 2 .
We rewrite the deep habits Phillips curve in Equation 8 by expressing the mark-up as the di¤erence between the price and the nominal marginal cost and grouping terms.
Other E¤ects It is important to note that the presence of pricing frictions also allows monetary policy to play an in ‡uential role in guiding consumption dynamics via the ex ante real interest rate, exhibited in Panel 8 of Figure 2 . As we increase price rigidities, the dampened decreases in in ‡ation imply that the real interest rate falls progressively less. The higher real interest rate erodes the present value of future pro…ts, giving the …rm the incentive to push up current pro…ts and the mark-up. This in turn weakens labor demand and leads to a lower wage which exerts a downward pressure on consumption.
Observe that in the baseline framework, the price elasticity e¤ect is only short-lived and reverses sign after a quarter. Recall that the price elasticity of public sector demand is given as"
. On impact, a positive shock to government spending raises current demand with respect to lagged demand and hence increases the price elasticity.
However, in the ensuing period, government spending is less than its value on impact and the price elasticity falls thereby reversing mark-up cyclicality. Thus the intra-temporal substitition e¤ect on consumption reinforces the negative wealth-e¤ect in the periods after impact.
The dynamics of the price elasticity are absent in the nested NK economy where the mark-up is explained purely by the expected path of in ‡ation.
Expected In ‡ation Change (14) In the absence of a rising price elasticity, the monopolist has no incentive to lower the price level. Instead, she is better o¤ raising the price while expanding production to meet the additional demand from the public sector. Note that a rise in the price level and in ‡ation from steady-state (Panels 3 and 5 in Figure 1 ) implies that future in ‡ation is now expected to be lower than current in ‡ation to restore the long-run equilibrium (Panel 7 in Figure 1 ). When prices get stickier, the monopolist is unable to raise the price to the extent possible under more ‡exible prices. Therefore, it raises labor demand and hence the nominal marginal cost, to produce more output. Since the rise in the nominal marginal cost exceeds the rise in price, the mark-up falls. Thus in this scenario, the sluggish adjustment of the price level to the demand shock is the source of countercyclicality in the mark-up. 11 The now familiar substitution of consumption for leisure ensures that consumption does not contract as much as in a real business cycle model. When prices gets stickier, the (negative) gap between future in ‡ation and current in ‡ation is expected to be smaller in absolute value. Consequently, the elasticity of the mark-up to the expected change in in ‡ation is increasing in the adjustment cost parameter (see Table 1 ). 12 For this reason, the fall in the mark-up is more pronounced, i.e. it becomes more countercyclical.
Concurrently, the real wage becomes more procyclical and consumption is progressively less crowded out (Panel 8).
In a nutshell, a key point of distinction between the dynamics of the two set-ups is that the government spending shock lowers the price level on impact in the deep habits model while in the nested NK model, it acts as a conventional demand shock by raising prices. As price stickiness increases, the deep habits mark-up is guided by the positive in ‡uence of the expected path of in ‡ation and the downward pressure emanating from the price elasticity is less e¤ective. The dampened countercyclicality of the mark-up implies that the real wage is less procyclical and agents do not substitute consumption for leisure as much. If price stickiness is high enough, the negative wealth e¤ect of the …scal shock prevails and consumption is crowded out in the deep habits model.
Variants of the Baseline Model and Calibration
Naturally, the conditional cyclicality of consumption is also contingent on the nature of other frictions in the evironment, besides price rigidities. Furthermore, it will depend on the choice of parameter values. In this section, we …rst contrast the consumption response under deep habits to that observed in the more commonly used super…cial habit set-up.
We also illustrate the pivotal role of deep habits in government spending as compared to private consumption habit in generating the rise in consumption in ‡exible as well as sticky price models. Subsequently, we examine the in ‡uence of sticky prices on the consumption response when key parameters are allowed to vary (one at a time). Finally, we introduce persistent habit-stocks and capital accumulation as in Ravn et al. (2006) and verify that our results are preserved in their framework.
Crowding-in and the Nature of Habit Formation
Habits are typically assumed to be formed at the 'super…cial'level of the …nal good and modelled only in private consumption expenditure (see for e.g. Smets and Wouters 2007 among many others). Public sector consumption is reduced to being a purely unproductive, stochastic shock that enters the aggregate resource constraint of the economy.
Thus by incorporating good-speci…c habit formation in government spending in addition to consumption, the deep habits economy departs signi…cantly from the traditional set-up.
In each panel of Figure 4 , we exhibit the impact responses of consumption (top) and mark-up (bottom) to the government spending shock in various economies featuring habit persistence. The …rst economy, analyzed in Panel (1), is a real business cycle model with super…cial habit persistence in consumption: This model is obtained by imposing the restrictions (h c = h; h g = 0) while also removing the habit components in the demand functions that the monopolist faces in the ‡exible price deep habits model earlier examined in Figure 2 . Keeping all other parameters at the baseline values (see Column 3 in Table 1 ), we increase habit persistence in consumption. Observe that it limits the degree of crowding-out but never induces a positive response of consumption to the …scal shock. 13 On the other hand, since habit is now assumed to be at the …nal good level and the monopolistic …rm that produces the intermediate variety no longer faces a dynamic demand function, the mark-up is always constant. In Panel 2, we consider the deep habits economy when prices are ‡exible, i.e. the real model we earlier examined in Figure   2 . The consumption impulse response surface generated by di¤erent combinations of the consumption and government spending habit parameters shows that the crowding-in is far more sensitive to changes in the government spending habit than to the private consumption analog. In fact, even when the private consumption habit channel is switched o¤ (h c = 0), higher degrees of government spending habit alone can deliver crowding-in, given the baseline con…guration for the other parameters. Adding higher degrees of consumption habit reinforces the positive response of consumption by steepening the reactions of the mark-up and the real wage. Alternatively, when public sector habit formation is turned o¤, the consumption response is very mild when we increase consumption habit. Thus, …scal transmission in deep habits models is contingent not merely on the good-speci…city of habit formation but also quite critically on the strength of government spending habits.
In Panel 3, we deactivate consumption habit and focus on the e¤ect of sticky prices in an economy with deep habits in only government spending. Notice how the introduction of price stickiness dampens the consumption response. While in the previous case, increasing government habit in the absence of consumption habit could deliver maximum consumption responses of about 0.05 percent, the maximum impact is less than halved at below 0.02 percent even when prices are relatively ‡exible. In the following subsection, we will analyze the implications of increasing price stickiness for the consumption response when speci…c parameters in the baseline model are allowed to vary one at a time.
Changing Baseline Parameter Values
In Figure 5 , we present a sensitivity analysis of the impact consumption response under sticky prices when selected model parameters are perturbed from the baseline values. In
Panels (1) and (2) we begin with the familiar habit parameters in government spending and consumption. 14 In the baseline case of h g = 0:86 and h c = 0:50, consumption is crowded out at p = 6:50 which implies a price duration of about one and a half quarters. As one would expect from the earlier discussion of Figure 4 , the degrees of habit persistence required to crowd in consumption increase when price rigidities get stronger. In Panel (3), we see that a higher Frisch elasticity (1= n ) of labor supply makes consumption respond more positively to the rise in the real wage or equivalently a fall in the markup (see Equation 12 ) and consequently a higher degree of price stickiness is required to crowd out consumption under these conditions. A higher persistence coe¢ cient g on the government spending shock process strengthens the negative wealth e¤ect on consumption.
Thus, observe in Panel (4) that a lower price adjustment cost is required to crowd out consumption when the shock is very persistent.
Finally, we arrive at the monetary policy parameters which are naturally in ‡uential in sticky price economies. Note in Panels (5) and (6), despite the fact that we consider a wide range of possible values for the interest rate smoothing coe¢ cient (r r ) and the interest rate elasticity to in ‡ation (r ) ; consumption responses to the …scal expansion become negative at thresholds of price stickiness which are comparable to the baseline case. The output coe¢ cient (r y ) is relatively more in ‡uential in quantitative terms. In Panel (7) the impulse response surface slants downwards steeply and becomes more negative as the monetary authority reacts strongly to output movements. Observe that consumption is crowded out for low degrees of price stickiness in the deep habits model when we consider a policy regime that avoids output-stabilization (r y = 0), the case we examined earlier in the nested NK model without deep habits. The crowding-out of consumption worsens as price stickiness increases in the empirically appealing scenario in which the interest rate response to output is mild. Remember that in deep habits models, a rise in the real interest rate decreases consumption not merely through the standard consumption Euler channel but also via the supply-side by lowering the present value of future pro…ts. The latter e¤ect raises the current mark-up which weakens intra-temporal substitution. For this reason, a less aggressive monetary policy is even more important in strengthening the …scal stimulus in this environment.
Habit-Stocks and Capital Accumulation
We now embed price rigidities in the more elaborate model of Ravn et al. 
. The predetermined capital stock is combined with labor in the production function of the …rm:
In Column 4 of Table 1, we report the parameter values we use to calibrate this …nal speci…cation. 16 In Figure 6 , we present the consequences of increasing price rigidities in this more sophisticated environment. The dynamics of the ‡exible price model of Ravn et al. (2006) are indicated by the thick black lines. An important implication of the incorporation of habit-stocks is that the log-linearized price elasticity is now given as" Increasing price stickiness has little impact on the price elasticity as in our baseline model (in Figure 3) . This is not the case with in ‡ation and the mark-up in Panels (2) and (3) which fall progressively less with more price stickiness. As detailed in subsection 3.3, the reduced mark-up countercyclicality is explained by the de ‡ationary e¤ect of the …scal expansion exerted through the structure of the deep habits Phillips curve. As a consequence, wages rise less (not exhibited) and the consumption response is negative at all horizons at a price duration of a year. As far as the impact response is concerned, the crowding-out of consumption is observed at the threshold of p = 9:88 as opposed 
Conclusion
This paper documents the interaction of price rigidities in economic environments with good-speci…c formation and its implications for the response of private consumption to a government spending expansion. We …nd that while the two frictions, sticky prices and deep habits, induce a weakening of consumption crowding-out when used independently in general equilibrium models, they worsen crowding-out when used in conjunction. We demonstrate that if price stickiness is high enough in the deep habits model, the …scal stimulus may not have a positive impact on consumption.
we …nd indeterminacy in the model beyond the investment habit threshold of 0.20.
22
The presence of deep habits gives rise to a strongly procyclical price elasticity of demand. A rise in government spending increases the price elasticity and gives the monopolist an incentive to lower the price and the mark-up to maximize pro…ts when she raises production. Thus the rise in government spending expansion is de ‡ationary in the presence of deep habits. This is strikingly di¤erent from standard sticky price models where the price elasticity is invariant to economic activity and government spending expansions are typically in ‡ationary.
The deep habits Phillips curve encapsulates two opposing e¤ects on mark-up dynamics.
The …rst is the negative in ‡uence of the price elasticity of demand. The second is the conventional channel originating from the expected path of in ‡ation. In ‡ation is expected to rise after a fall in the price level. Under increasing price stickiness, the positive in ‡uence of the expected rise in in ‡ation is strengthened and dampens the countercyclicality of the mark-up in the deep habits model. This re ‡ects in a weaker rise in the real wage and reduces the agent's incentive to substitute consumption for leisure. If the substitution e¤ect is not strong enough to overcome the negative wealth e¤ect of the …scal expansion, consumption is crowded out by government spending.
The dampening of the crowding-in of consumption when sticky prices are introduced into the deep habits model suggests that it may be necessary to augment the model environment with other features in order to be able to replicate the empirical evidence. is identical to that of output except that it is slightly less volatile because hours worked are obtained by scaling output by the steady-state gross fixed cost to output ratio (>1) in the log-linearized production function. The prefix (unscaled) used for the expected inflation change indicates that the variable has not been multiplied by the relevant slope parameter. is identical to that of output except that it is slightly less volatile because hours worked are obtained by scaling output by the steady-state gross fixed cost to output ratio (>1) in the log-linearized production function. The prefix (unscaled) used for the expected inflation change indicates that the variable has not been multiplied by the relevant slope parameter. 
